Introduction
Sunflower (Helianthus annus L.) is one of the important oilseed crops in India, which belongs to the family Compositae. In India it is grown in area of 0.83 million hectares with production of 0.54 million tonnes (Anonymous, 2013) . Diseases are one of the Collar rot disease caused by Sclerotium rolfsii Sacc. is one of the most important disease of sunflower in India. In the changing climate, this disease in sunflower has been recognized as a major threat in causing more economic loss than before. Environmental parameters such as relative humidity, temperature, bright sunshine hours and rainfall have been shown to influence infection and subsequent damage caused by S. rolfsii. Keeping this in view, experiment on epidemiology of collar rot of sunflower (Helianthus annus L.) caused by Sclerotium rolfsii Sacc. was conducted under field conditions at research farm of CCS, Haryana Agricultural University, Hisar in 2014-2015.The maximum disease incidence was found during 1 st date of sowing followed by 3 rd date of sowing on two different hybrids HSFH-1183 and Pioneer 64A57 varied from 30.6-36.4 per cent and least disease incidence was recorded during 2 rd date of sowing varied from 19.8-21.8 per cent on the same hybrids. Present investigations indicate that sunflower sown by mid July was good to protect the crop from collar rot disease under present conditions. Correlation matrix for the development of collar rot disease in relation to weather variables also revealed that minimum temperature had negative and significant correlation with the disease incidence in both hybrids and during all the three dates of sowing, whereas relative humidity morning had negative and significant correlation during third date of sowing, but negative and non significant correlation during first two dates of sowing. Rainfall had negative but non significant correlation with the disease incidence. Maximum temperature had positive and non significant correlation with the disease incidence during first two dates of sowing but positive and significant correlation during 3 rd date of sowing in both hybrids. Sunshine hours had also positive and non significant correlation with the disease incidence during 1 st and 2 nd date of sowing, but positive and significant correlation during 3 rd date of sowing in both hybrids. important factors limiting the productivity of sunflower crop. Among them collar rot disease caused by Sclerotium rolfsii Sacc. is one of the most important disease of sunflower. In the changing climate, this disease in sunflower has been recognized as a major threat in causing more economic loss than before. The fungus, S. rolfsii Sacc. is a well-known polyphagous, ubiquitous, omnivorous and most destructive soil borne pathogen. The yield loss caused by this pathogen is 10-25 per cent, but sometimes it reaches 80-90 per cent (Grichar and Bosweel, 1987) . In India, collar rot caused by S. rolfsii is a major problem in most of the states accounting for 10-11 per cent yield loss (Prasad et al., 2012) . The typical symptoms of this disease are rapid wilting and sickly appearance of plants with brownish lesion at the stem base near the soil level which later girdles the stem. White mycelial growth forms over the infected tissue and often radiates over the soil surface. The production of abundant white mycelium and small brown spherical sclerotia on the infected parts are characteristic symptoms of the disease. The fungus does not produce asexual spores and perpetuates as sclerotia on plant debris and in soil (Chillers et al., 2000) .
The spatial pattern of inoculum of S. rolfsii in naturally infested fields was clustered or clumped (Punja et al., 1985; Rodriguez-Kabana et al., 1974) . Disease incidence due to S. rolfsii may increase following periods of temperature and moisture fluctuations; cycles of drying and wetting have been reported to stimulate germination of sclerotia (Smith, 1972; Punja and Grogan, 1981) . Punja (1985) reported that temperatures and moist conditions appear to enhance disease development. Initial infection occurs at soil level, where sclerotia was most likely to be stimulated to germinate by drying and remoistening (Punja and Grogan, 1981) . Free moisture was apparently not required for infection (Punja and Jenkins, 1984) . Among factors influencing the survival of sclerotia include temperature, moisture, and biotic factors such as soil microorganisms near sclerotia (Punja, 1985) . Temperatures above 50°C for extended periods are lethal to sclerotia (Porter and Merriman, 1983; Mihail and Alcorn, 1984) . There were generally fewer sclerotia in moist than in dry soil (Bandara, 1980; Beute and Rodriguez-Kabana, 1981) . However, high temperatures coupled with high soil moisture were more detrimental to survival than are high temperatures alone (Beute and Rodriguez-Kabana, 1981) . Sclerotia survive better in moist soil near the surface rather than buried (Beute and Rodriguez-Kabana, 1981; Javed and Coley-Smith, 1973) .
Although much effort has been placed on defining the optimal environmental conditions for the development of collar rot disease, the exact conditions that drive epidemics of the disease are still unknown. Environmental parameters such as relative humidity, temperature, soil moisture and soil pH have been shown to influence infection and subsequent damage caused by S. rolfsii (Punja, 1985) .
The pathogen survives at temperatures ranging from 8-40°C, although infections have been shown to be reduced at temperatures below 20°C and above 35°C (Aycock, 1966 , Mehan et al., 1995 . However, optimal soil temperature for S. rolfsii infection has been cited as 30°C for most cropping systems (Aycock, 1966) .Meager information is available in the literature with regard to the effect of weather factors on the disease development.
Hence the present studies was carried out to investigate the epidemiology of collar rot of sunflower (Helianthus annus L.) caused by S. rolfsii Sacc.
Materials and Methods

To study the role of environmental factors on disease incidence
Two hybrids Pioneer 64A57 & HSFH 1183 of sunflower were planted in RBD design with three replication in plot size 5x5 m 2 . The sowing was done on three dates viz., June 30, 2014 as first date of sowing, second on July15, 2014 and third date of sowing July 31, 2014.
Disease incidence
Disease incidence was recorded in two hybrids sown at three different dates. Disease incidence was recorded after the initiation of the disease of each hybrid at weekly interval till the harvest of the crop. The disease incidence was correlated with prevailing weather parameters such as minimum temperature, maximum temperature, relative humidity morning, relative humidity evening, bright sunshine and rainfall obtained from the Observatory, Department of Agro-Meteorology CCS Haryana Agricultural University Hisar. The data were analyzed for correlation and regression coefficients. The prediction equation used was Y= a + b 1 X 1 + b 2 X 2 +… b 6 X 6 where Y= predicted disease incidence, a= intercept, b 1 to b 6 = regression coefficient, X 1 to X 6 = independent variables, X 1 = minimum temperature ( 0 C), X 2 = maximum temperature ( 0 C), X 3 = relative humidity morning (%), X 4 = relative humidity evening (%), X 5 = bright sun shine (hours), X 6 = rainfall (mm).
Results and Discussion
Effect of environmental factors on the disease incidence of collar rot in sunflower
Collar rot incidence on two different hybrids of sunflower was influenced by variation and interaction of different environmental factors under field conditions. The different weather variables viz., maximum temperature (Max. Temp.), minimum temperature (Min. Temp.), relative humidity morning (RHM), relative humidity evening (RHE), Bright Sunshine (BSS) and rainfall were undertaken to evaluate the role of these factors in the epidemic development of disease under field conditions. Two sunflower hybrids viz., HSFH-1183 and Pioneer 64A57 were sown on three dates viz., 30 June, 2014, 15 July, 2014 and 1 August 2014. The disease incidence was recorded after initiation at weekly intervals. The data on different aspects are presented here.
Disease incidence on different dates of sowing
The disease incidence of collar rot on different sunflower hybrids sown on different dates was recorded. The results presented in table 1. A revealed that the disease incidence of collar rot of sunflower varied from 30-36 per cent and was maximum on hybrid HSFH-1183 (36.4%) followed by Pioneer 64A57 (30.6%) during first date of sowing.
In the second date of sowing, data presented in table 2 revealed that the disease incidence varied from 19-22 per cent and was maximum on the hybrid HSFH-1183 (21.8%) followed by Pioneer 64A57 (19.8%).
In the third date of sowing, data presented in Table 3 revealed that the disease incidence varied from 31-35 per cent and was maximum on hybrid HSFH-1183 (35.1%) followed by Pioneer 64A57 (31.9%). The results revealed that the collar rot incidence increased from 30-36 per cent when the crop sown in last week of June and 31-35 per cent when the crop sown in last week of July. However, decrease in disease incidence was from 19-22 per cent when the crop sown in second week of July. The varietal behaviour on the development of collar rot were also recorded and observed that both hybrids were susceptible to collar rot and there was no variation in the development of collar rot in respect to varietal behavior ( Fig. 1-3 ).
Correlation analysis
The correlation coefficient between collar rot disease and weather variables (X 1 , X 2 , X 3, X 4, X 5 and X 6 ) during different dates of sowing are presented in table 4.
The data presented in table 4 revealed that some of the weather parameters significantly influenced the collar rot disease incidence during different dates of sowing. Among the weather variables minimum temperature was most important for collar rot disease spread during all the three dates of sowing as indicated by correlation coefficient which are highly significant and ranged from 0.96 to 0.98.
During the first date of sowing (last week of July) minimum temperature had a negative and significant correlation with the disease incidence in both the hybrids. Maximum temperature and bright sun shine had a positive but non significant correlation with disease incidence in both hybrids. Relative humidity evening and rainfall had a negative and non significant correlation with disease incidence During the second date of sowing (second week of July) minimum temperature had also a negative and significant correlation with disease incidence on the two hybrids.
During third date of sowing (last week of July) the weather parameters temperature maximum and sun shine had a positive and significant correlation with disease incidence in both hybrids. Relative humidity evening had a negative and significant correlation with disease incidence.
Regression equation
The regression equations to quantify the relation to weather variables were developed by using step wise regression analysis.
The regression equations along with R 2 are presented in table 5. Minimum temperature and Rainfall contributed up to 98 per cent in the development of disease in both hybrids during first date of sowing in addition to other factors. Minimum temperature also played a major role in the development of collar rot in both hybrids in second date of sowing and it contributed 0.96 per cent in hybrid HSFH-1183 and 0.94 per cent in hybrid Pioneer 64A57 in the development of disease during second date of sowing. However, in third date of sowing maximum temperature explained the collar rot variability up to 92-93 per cent in both hybrids.
The development of disease under field conditions is dependent upon the variation on environmental factors during crop growth period. In the present studies, the sowing at different time period had profound effect on the development of collar rot disease of sunflower. The results revealed that maximum disease incidence was observed during 1 st date of sowing (30 June, 2014) followed by 3 rd date of sowing (31 July, 2014) on two different hybrids HSFH-1183 and Pioneer 64A57 varied from 30.6-36.4 per cent and least disease incidence was recorded during 2 nd date of sowing (15 July, 2014) varied from 19.8-21.8 per cent on the same hybrids.
The maximum disease incidence of collar rot (73.33%) was also recorded in the crop Amorphophallus paeoniifolius sown on 16 th May, 2004, whereas, the minimum collar rot incidence i.e. 47.22 per cent was recorded in the crop sown on 28 th March, 2004, being at par with 15 th March, 2004 and 15 th February, 2004 sown crop (Singh et al., 2008 . Ten to eleven per cent disease incidence in sunflower crop was also reported when the crop planted in July and August or in February and March in the Nanital Tarai region of Uttar Pradesh (Kolte and Tewari, 1977) . Present investigations indicate that sunflower sown by mid July was good to protect the crop from collar rot disease under present conditions. The highest and lowest incidence of collar rot may be correlated with the growth stage of crop. It is evident that 80-90 days of crop growth stage seems to be most susceptible stage for collar rot disease. The importance of this disease stage to overall collar rot epidemics has not been fully identified. Correlations between saprophytic growth and environmental conditions were highly variable and offer little explanation as to the overall role of this disease stage in collar rot epidemics. Further research is needed involving this phenomenon in order to improve the understanding of its relationship to collar rot incidence.
The correlation matrix of weather parameters with the disease incidence revealed negative and significant correlation coefficient (p> 0.05) between disease incidence and minimum temperature in both hybrids and all the three date of sowing while positive and significant correlation between disease incidence and maximum temperature was observed during last date of sowing on both hybrids. Further, negative and significant correlation coefficient (p> 0.05) was observed between disease incidence and relative humidity morning and relative humidity evening during third date of sowing indicating that decrease in relative humidity levels could not check the incidence of collar rot disease development with the passage of season. This indicates that disease development is a cumulative process, once the disease appears, it maintained a gradual but steady increase even temperature was increasing and relative humidity was in decreasing trend with advance of crop season as reported by Mishra and Bhattacharya, (2001) while studying the effect of weather parameters on sigatoka disease of banana. The pathogen is generally prevalent in warm regions of the world and, therefore, has high temperature optimal for its growth and development (Singh et al., 2003) . Sunshine hours also play an important role in the disease development. In this study there is a positive and significant (p> 0.05) correlation recorded between the disease incidence and sunshine hours during the third date of sowing on both the hybrids. Negative and nonsignificant (p> 0.05) simple correlation coefficient was observed between disease incidence and rainfall during all date of sowing for both the hybrids. Baniyal et al.,(2008) also reported that the soil moisture level was inversely proportional to collar rot incidence. Devi et al., (1999) also reported better survival of sclerotium rolfsii at low soil moisture levels as compared to high moisture through the optimal level for the development of disease varied to some extent.
